BY DEFINITION, metabolism describes the sum of all reactions within the body that release chemical energy from substrate stores to power cellular activity (3). The most prevalent of these reactions in skeletal muscle is the catabolism of dietary lipid, carbohydrate, or protein stores to generate adenosine triphosphate (ATP) to support organ and musculoskeletal function. Following the pioneering research by a collection of preeminent physiologists during the early/mid-20th century, we have a detailed understanding of the enzymes and chemical reactions that facilitate the breakdown and utilization of substrate stores (6 -9, 11). As appropriate for such an integrated system, cellular metabolism is tightly regulated, with a number of posttranslational modifications providing feedback and feedforward mechanisms, allowing switching from lipid, carbohydrate, and amino acid stores depending on the level of cellular demand.
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With the emergence of molecular physiology (a synergy among classical physiology, biology, biochemistry, and molecular biology) research in the past decade has established that, in addition to acting as substrates, metabolic intermediates also function as adaptive signals in skeletal muscle. These cellular signals now appear to be pivotal in mediating the adaptive response to exercise above and beyond their role in the disposal of substrates in both the fasted and postabsorptive states. From a mechanistic perspective, it is logical that products of contraction feedback to 1) regulate their production, 2) affect their utilization, and 3) initiate changes in substrate selection. In light of this newfound appreciation of contractionderived intermediates, we are pleased to introduce this highlighted review series, titled "Intracellular Signals for Skeletal Muscle Adaptation". The aim of this series, three reviews in each of the next three months in this Journal, is to provide a current viewpoint as to how metabolic intermediates may mediate adaptation in skeletal muscle.
In this issue, Watt and Hoy (16) discuss the role of lipids in metabolic regulation and how lipids trigger transcriptional signals that both promote and suppress skeletal muscle function. Following a similar theme, Dodd and Tee (4) highlight the importance of branched-chain amino acids (BCAAs) in the regulation of skeletal muscle mass and function. Placing a particular focus on leucine, Dodd and Tee discuss the molecular sensing of leucine in skeletal muscle and suggest reasons why leucine, above other BCAAs appears to function as such a potent stimulus. Finally, we (13) discuss the role that glycogen plays in regulating adaptation to muscle contraction. Specifically, our review focuses on the cellular processes that glycogen directly and indirectly regulates in skeletal muscle.
The emergence of cellular glycogen sensors and the observation that reducing glycogen content has profound effects on a number of metabolic processes means that this substrate store will continue to be a focal point of research in skeletal muscle metabolic regulation.
In the second cluster, Berdeaux and Stewart (1) will highlight the importance of cyclic adenosine monophosphate (cAMP) for transcriptional regulation of skeletal muscle adaptation. Specifically, Berdeaux and Stewart will discuss how cAMP-activated signaling pathways function to increase muscle mass, prevent atrophy, and improve muscle regeneration. This review will also introduce readers to a family of cAMPresponsive transcription factors and kinases that play an important role in the regulation of muscle phenotype and size. Next, Gohil and Brooks (5) present an exciting new hypothesis whereby the metabolic intermediate lactate accounts for many of the positive effects of exercise through the activation of the myc family of protoonocgenes. With regard to contractionderived intermediates, lactate is one of the best-characterized metabolites; still, the precise roles for lactate in skeletal muscle are unknown. They hypothesize that lactate produced in working muscle ("driver" cells) circulates through the body, where it affects myc production in numerous other "target" cell types, including aortic endothelial cells. Gohil and Brooks suggest that the resulting transient increases in myc expression during and following exercise as lactate rises and falls underlie the positive effects of physical activity on health. Finally, Powers and colleagues (14) will discuss the role of reactive oxygen species (ROS) in the regulation of muscle atrophy. Interestingly, these authors propose that severe inactivity leads to mitochondrial fragmentation, the production of ROS, and the activation of the AMP-activated protein kinase (AMPK) and FoxO3. They propose that the increase in AMPK and FoxO3 activity shifts protein balance by decreasing protein synthesis and increasing degradation leading to muscle atrophy.
In our third installment, McConell and colleagues (10) will discuss data from their laboratory examining the role of nitric oxide (NO) in glucose uptake and mitochondrial biogenesis. These data suggest that NO produced in muscle by the -isoform of neuronal NO synthase is extremely important in regulating glucose uptake into skeletal muscle during exercise and may underlie insulin resistance in diabetes. This, together with nitrites being the hottest new performance-enhancing drug, means that NO signaling will be a focus of exercise metabolism for the next few years. White and Schenk (17) will then delve deeper into the concept of redox balance with regard to mitochondrial adaptation to exercise. Specifically, these authors will highlight recent research examining the role of the NAD ϩ sensors: sirtuins (SIRT1 and SIRT3), the poly (ADPribose) polymerase (PARP) proteins PARP1 and PARP2, and COOH-terminal binding protein (CtBP). In doing so, White and Schenk introduce us to a network of NAD ϩ signaling proteins that appear fundamentally important in coordinating mitochondrial adaptation to exercise. Lastly, Edward Ojuka and colleagues (12) will discuss work from their laboratory and that of others as to how cellular calcium serves not only as a stimulus for muscle contraction but also as an important signal in the regulation of the activity-dependent glucose transporter GLUT4. Their review will focus on the activation of the regulation of the calcium/calmodulin-dependent kinases in response to endurance exercise and the resulting effects on GLUT4 transcription and mitochondrial mass.
Together, these reviews will highlight how very creative scientists are using modern molecular biology to answer ageold questions. These reviews use the best recent science to introduce many of the metabolic byproducts that can lead to changes in our ability to adapt to exercise or inactivity, grow, produce more ATP, or perform at a greater level. These reviews will also highlight the fact that, even though we have known that exercise is important for health for over 2,500 years, we still have a very limited understanding of the underlying molecular mechanisms. Since 97% of Americans fail to exercise 30 minutes a day (15) and inactivity contributes to one-quarter of the deaths in America each year, understanding how exercise affects health is paramount to developing new strategies for improving health outcomes in America and around the world. Since scientific development is driven by research funding and money needs to go where the health needs are the greatest, the fact that inactivity contributes to more than 600,000 deaths a year in America alone should make this one of the best-funded areas of research; however, this is far from reality. The question that we hope will come to everyone's mind when reading these reviews is "why don't we know more?"
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